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CLAIMS 

MSB (cancelled). 

134. (currently amended) A process for conducting catalytic reforming of 
hydrocarbons and alcohols with steam and carbon dioxide for the production or pure 
hydrogen which includes the use of : 

a far outer impermeable hollow tubular cylinder nesting two more concentric 
permeable tubular cylinders, a next inner and a most inner one, having the most inner 
permeable cylinder te-be nested within the next inner permeable cylinder thus defining 
three different annular zones for the catalytic reforming reactions of said components. 
including next inner membrane and most inner membrane, with the most inner permeable 
cylinder te-be filled with a reforming catalyst in pellet or particle form w hich comes in 
contact with the reactant hydrocarbons, alcohols, steam and carbon dioxide , and inolude 
in cluding gas heating tubes located along the most inner axis for heating the catalyst to 
the tempe rature of said reforming reaction, with the ootalyot to b e in p e ll e t or partiol e 
fenth w i f h the hydrogen product coming from the reforming re actions between 
hydrocarbons or alcohols with steam and carbon dioxide te-be continuously removed via 
permeation along the most inner membrane^ wherein the most inner membrane is made 
from an inorganic or composite material, with the remaining reaction species te partially 
p e rm e at e permeating as well via the most inner membrane, and with the permeated 
species ta-be diluted by an inert carrier gas flowing along the next inner annular zone, 
with hydrogen only te-be continuously removed via permeation along the next inner 
membrane and allow for continuous hydrog e n w i thdrawal continuou sly withdrawn as 
vvcji uui of the most inner catalytic zone and for causing for the continuous equilibrium 
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shift of the said catalytic reforming reactions evolving within this zone, with next inner 
membrane t»-be made from a metal or non-porous inorganic material permeable only to 
h>drogen, and with the pure hydrogen to perm e ate permeating through the next inner 
membrane and withdrawn along the far outer cylindrical zone. 
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135. (previously presented) The process of claim 134 wherein the most inner 
membrane is made from one or more materials selected from the group consisting of 
alumina, silica, titania. zirconia, yttria, and the next inner membrane made from one or 
more materials selected from the group consisting of aluminum carbide and nitride, 
silicon carbide and nitride, titanium carbide and nitride, zirconium carbide and nitride, 
tantalum carbide and nitride, palladium* silver, copper, zinc, tanutlum, vanadium* 
tungsten. 

136. ( previously presented) The process of claim 1 34 wherein the feed 
hydrocarbon or ulcohol is u single component or a mixture of components selected from 
ihc group consisting of methane, ethane, propane, n-butanc, i-butane, methanol, othnnol,- 

v propanul. bulanol, naphtha, gasoline, natural gas, coal gas containing methane, landfill 

gas containing methane, flue gas containing methane, biomass and sewage gas containing 
methane. 

137. y previously presented) The process of claim 134 wherein the combined 
feed hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
a OU and CQi mixture, acidic natural gas containing ClUand COi. coal gas containing 
C I 1 4 and COi, landfill gas containing CI U and COi, biomass and sewage gas containing 
C'l l.t and C()i, Hue and waste gas mixture containing CH4 and CO2. 

138. (currently amended) The process of claim 134, with wherein the reject 
c<it *uvam from the most inner and next inner annular /ones is subject to a enncU rvwiion 

lb 
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slop which removes steam from the snid reject exit stream, and subscquentl> passed 
through a membrane permeator wherein the hydrogen and carbon dioxide gases arc 
separated by permeation via a polymer or composite membrane and the non permeated 
hydrocarbons, alcohols, and carbon monoxide exit from the non-permeate side of the 
pi rmeiuor as a reject stream. 

139. (previously presented) The process of claim 1 38, wherein the reject stream 
from the permeator containing each one or a mixture of unreacted hydrocarbons, alcohols, 
and carbon monoxide is fed in a consecutive steam reforming reaction zone for additional 
production of hydrogen and carbon dioxide gas products.. 

140. (previously presented) The process of claim 138, wherein the reject stream 
from the permeator containing each one or a mixture of unreacted hydrocarbons, alcohols* 
and carbon monoxide is recycled into the initial catalytic most inner reforming /one for 
continuous reforming reaction. 

141. i currently amended) The process of claim 134, with wherein the rejecl 
e.sit wfrewfl streams from the most inner and next inner annular /ones u» have the 
continued steam removed by condensation and subsequently passed through a cryogenic 
separator,, wherein the contained in stream hydrogen and carbon monoxide are separated 
as gases, while the hydrocarbons, alcohols, and carbon dioxide are separated as 
condensed liquids and after heating are recycled back into the inlet of the preceding most 
inner cytolytic reforming zone, with wherein the separated hydrogen ;incl carbon 

4 
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monoxide product mixture coming from the cryogenic separator to-be i,s used in 
following listed consecutive applications^, for fuel gas in solid oxide and molten 
carbonate fuel cells, for fuel gas in gas turbines and gas engines. 

142. (previously presented) The process of claim 141 wherein the reaclanl 
hydrocarbon is methane and the reaetant alcohol is methanol. 

143. (currently amended) The process of claim 14 L wherein a pun of the 
separated liquefied hydrocarbons, alcohols, emdkx and carbon dioxide components from 
the cryogenic separator are mixed with steam and fed into a subsequent reforming 
reaction /one lor additional production of hydrogen and carbon monoxide. 

144. (currently amended) The process of claim 134. wherein the reject exit 
stream consists of hydrogen, carbon monoxide and unreaeted steam and enters as a fuel 
gas feed into a solid oxide or molten carbonate fuel cell for continuous generation of 
electricity. w4th wherein part or all of the permeate hydrogen coming out of the preceding 
membrane /one to b e is fed as well in the fuel cell anode inlet H^^def---k*-- provide 
Pl\r*iduig for the supplementary hydrogen fuel feed. 

145. i currently amended) The process of claim 144 wherein the flue hot gas 
emitted by a the fuel cell is used for at least partial healing of the preceding most inner 
catalytic rouciion_ /one. 
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146. (currently amended) The process of claim 144 wherein the Hue hot gas 
emitted by the fuel cell comprises of steam and carbon dioxide and is recycled in Ihe 
inlet of the preceding most inner catalytic zone for use as a reactant in the reforming 
reaction. 

147. (currently amended) The process of claim 134 wherein the permeate 
hydrogen from the membrane zone is used as fuel feed in a consecutive fuel cell fnr 
continuous generation of electricity, with wherein the fuel cell te-feti is one of lite listed 
types: >olid oxide, molten carbonate, proton exchange membrane, phosphoric acid, 
alkaline, 

1 48. (currently amended) The process of claim 147 wherein the ilue hot gas 
emitted by the fuel cell to b e jg used for at least partial heating of the preceding most 
inner calnl>lic /one. 

149. (currently amended) The process of claim 147 wherein the flue hot gas, 
emitted by the solid oxide and molten carbonate fuel cell, which contains steam and 
carhon dioxide. te-4xs is recycled in the inlet of the preceding most inner catalyiic /one 
fur use as a reuetant in the reforming reaction. 

I$0. i currently amended) The process of claim 147, wherein the fuel cell is 

nf a cylindrical shape and its fuel anode encloses the cylindrical pcrmreaetor in order t*» 
iweiw an4 conwom e bv receiving and consuming directly the permeate hydrogen gns ils 
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fuel, twd-wrth wherdn the flue hot gas emitted by the fuel cell to-be- is used for al least 
partial heating of the enclosed most inner catalytic reforming zone. 

151. (previously presented) The process of claim 134, wherein the reject exit 

stream rich in hydrogen and carbon monoxide after steam condensation is used a.s tuel 
feed in a gas engine or 3 gas turbine for continuous generation of electricity, vw*h 
whexejn part or all of the permeate hydrogen coming out of the preceding membrane 
/one to-ht? ij fed as well in the engine or turbine i n - ord e r to provide p roviding for ihe 
supplementary hydrogen fuel. 
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152. (currently amended) A process for conducting catalytic reforming of 
hydrocarbons and alcohols with steam and carbon dioxide for production ot pare 
hydrogen which includes the use of: 

a far outer impermeable hollow tubular cylinder nesting two more concentric 
permeable tubular cylinders, a next-inner and a most-inner one, having the most inner 
permeable cylinder te-be nested within the next inner permeable cylinder thus defining 
three different annular zones for the catalytic reforming reactions of said components. 
including next inner membrane and most inner membrane, with the annular space 
between the far outer and next-inner cylinders te-be filled with a reforming catalyst in 
pel let or particle form which comes in contact with the reactant h ydrocarbons, alcohols, 
ste am and carbon dioxide, w i th - th e cataly s t to - b e in p e ll e t or part i c le fefflfh with thti 
hydrogen pr oduct coming from the reforming reactions between hydrocarbons or alcohols 
wit h steam and carbon djpxide to-be continuously removed yia permeation along the 
next-inner membrane wherein the next-inner membrane is made from an inorganic or 
composite material, with the remaining reaction species te partially p e rm e at e permeating 
i»s well v ia the next inner membrane, and with the permeated species te-be diluted by an 
inert carrier gas flowing along the next inner annular zone, with hydrogen only to-be 
continuously removed via permeation along the most inner membrane in order to a l li w 
causing tor the continuous hydrogen withdrawal of hydrogen out of the far outer catalytic 
/one and for the continuous equilibrium shift of the said catalytic reforming reactions 
evolving within this zone, with the §aicl most inner membrane te-be made from a metal or 
non-porous inorganic material permeable only to hydrogen, and with the permeate 
per meate d pure hydrogen *e withdrawn aJong the most inner cylindrical zone. 

8 
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153. (previously presented) The process of claim 152 wherein the next inner 
membrane is made from one or more materials selected from the group consisting of 
alumina, silica, titania, zirconia, yttria, and the most inner membrane made from one ur 
more materials selected from the group consisting of aluminum carbide and nitride, 
silicon carbide and nitride, titanium carbide and nitride, zirconium carbide and nitride, 
tantalum carbide and nitride, palladium, silver, copper, zinc, tantalum, vanadium, 
tungsten. 

154. (previously presented) The process of claim 152 wherein the feed 
hydrocarbon or alcohol is a single component or a mixture of componenls seleded from 
the group consisting of methane, ethane, propane, n-butane, i-butane, methanol, ethanol, 
propanol, butanol, naphtha, gasoline, natural gas, coal gas containing methane, landfill 
gas containing methane, flue or waste gas containing methane, biomass and sewage gas 
containing methane. 
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155. (previously presented) The process of claim 152 wherein the combined 
Iced hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
a CH.i iind CO? mixture, acidic natural gas containing CH4 and CO3, coal gas containing 
C I I4 and CO*, landfill gas containing Cf I4 and CO?, biomass and sewage gas containing 
U 1 1 and C0 2< Hue and waste gas mixture containing CH 4 and C0 2 . 

1 56. (currently amended) The process of claim 152, wherein the reject exit 
jweam steams from the far outer and next inner annular zones to have the contained 
steam removed by condensation, and subsequently be passed through a membrane 
permeaioiv wherein the contained in stream hydrogen and carbon dioxide are separated 
b\ permeation via a polymer or composite membrane and the non permeated 
hydrocarbons, alcohols, and carbon monoxide exit from the non-permeale side of the 
permeator as a reject stream, with wherein the separated hydrogen and carbon dioxide 
product mixture to b e is used as a combined luel-oxidant feed in a molten carbonate 
fuel cell. 

157. (previously presented) The process of claim 156, wherein the reject 
stream from the permeator containing each one or a mixture of unreaeted hydrocarbons, 
alcohols, and carbon monoxide is fed in a consecutive steam reforming reaction /one for 
additional production of hydrogen and carbon dioxide gas products. 

1 previously presented) The process of claim 1 56, wherein the reject stream 

from the permeator containing each one or a mixture of unreacted hydrocarbons, alcohols, 

10 
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;nul carbon monoxide is recycled into the preceding catalytic far outer reforming <done for 
continuous reforming reaction. 

159* l currently amended) The process of claim 152, wherein the reject exit 

*(*ea«t streams from the far outer and next inner annular zones *h have the contained 
sleam removed by condensation and subsequently passed through a cryogenic separator 
wherein the contained in stream hydrogen and carbon monoxide are separated as gases 
while the hydrocarbons, alcohols, and carbon dioxide are separated as condensed liquids 
and after heating arc recycled back into the inlet of the preceding far outer catalytic 
reforming zone, wkfc wherein the separated hydrogen and carbon monoxide product 
mixture coming from the cryogenic separator to be is used in the following listed 
consecutive applications^ for fuel gas in $olid oxide and molten carbonate fuel cell*, for 
fuel gas in gas turbines and gas engines. 

160. (previously presented) The process of claim 159 wherein the reacumt 
hvdrocarhon is methane and the reactant alcohol is methanol, 

161. i currently amended ) The process of claim 150. wherein a- pari of the 
separated liquefied hydrocarbons, alcohols, and carbon dioxide components from the 
cr\ogenic separator em is mixed with steam and fed into a consecutive reforming reaction 
/one for additional production of hydrogen and carbon monoxide which is used in the 
following listed consecutive applications^ for fuel gas in solid oxide and mollen 
carbonate fuel cells, for fuel gas in gas turbines and gas engines. 

II 
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lt>2. (currently amended) The process of claim 152. wherein the reject exit 

stream consists of hydrogen, carbon monoxide, and unreacted steam which and enters as 
u fuel gas feed into a solid oxide or molten carbonate fuel cell for continuous generation 
of electricity, wkh wherein part or all of the permeate hydrogen coming oul of the 
preceding membrane zone to b e is fed as well in the fuel cell anode inlet i«- «mler- tt> 
piHvid* provid ing for supplementary hydrogen fuel feed, 

IfcJ. (currently amended) The process of claim 162 wherein the flue hot gas 

emitted by the fuel cell te-be is used for at least partial heating of the preceding far outer 
catalytic reaction zone. 

1M. (currently amended) The process of claim 162 wherein the flue hot gus 

emitted by the fuel cell containing steam and carbon dioxide, t«-be is_ recycled in the 
inlet ol the preceding far outer catalytic zone for use as a reactant in the -reforming 
reaction, 

165. (currently amended ) The process of claim 152 wherein the permeate 

hxdrogin from the membrane /one is used as fuel feed in a consecutive fuel cell for 
continuous generation of electricity, wkh wherein the fuel cell fo-tee is one nf the listed 
types: solid oxide, molten carbonate, proton exchange membrane, phosphoric acid, 
alkaline. 

It 
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J 66. I currently amended ) The process of claim 165 wherein the flue hot gas emitted 
by ihc fuel cell K>-fee i§ used for al least partial heating of the preceding far outer catalytic 

/CHIC. 

167. (currently amended) The process of claim 165 wherein the flue hot gus 
containing steam and carbon dioxide, emitted hy the solid oxide and molten carbonate 
fuel cell, to-be is recycled in the inlet of the preceding far outer catalytic zone for use as a 
rcactani in the reforming reaction. 

168. (currently amended) The process of claim 165, wherein the fuel cell is 
of «- cylindrical shape and its fuel anode encloses the cylindrical permreactor b ord e r io 
fgfiHve i» nd con s um e by receiving! and consuming directly the permeate hydrogen gas as 
fuel, MttwM* wherein the flue hot gas emitted by the fuel cell t o be js used for at least 
partial heating of the enclosed far outer catalytic reforming /one. 

169. * currently amended ) The process of claim 152* wherein the reject exit 
si ream rich in hydrogen and carbon monoxide after steam condensation is used as fuel 
feed in a gas engine or a gas turbine for continuous generation of electrieiiy, wifb 
>>J)>£*dn part or all of the permeate hydrogen coming out of the preceding membrane 
/one to-be is. fed as well in the engine or turbine in ord e r to provid e providing for iha 
supplementary hydrogen fuel. 
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1 70. (currently amended) A process for conducting catalytic hydrocarbon reforming 
with carbon dioxide, for production of pure hydrogen and carbon dioxide which includes 

the use pfi, 

u far outer impermeable hollow tubular cylinder nesting two more concentric 
pcnneable tubular cylinders, a next-inner and a most-inner one, having the most inner 
permeable cylinder to-be nested within the next inner permeable cylinder thus defining 
three different annular zones for the catalytic reformi ng reactions of said components 
including next inner membrane and moat inner membrane, with the annular space 
between the far outer and next-inner cylinders te-be filled with a reforming catalyst in 
pellet or particle form wftich comes in contact with the reactant hydrocarbons and carbon 
dioxide, with hydrogen and carbon dioxide cominp from said reforming reactions te~be 
continuously removed via permeation along the next-inner membrane wherein the nexk 
inner membrane is made from an inorganic or composite material, with the remaining 
reaction species partially permeate permeating as well via the next inner membntne and 
with the permeated species te-be diluted by an inert carrier gas flowing along the next 
inner annular zone, with §a& hydrogen and carbon dioxide species te-fee continuously 
removed via permeation along the most inner membrane, causing for the continuous 
withdra wal of hydrogen out of the far outer catalytic zone and for the continuous 
equilibrium shift of said catalytic reforming reactions evo lving within this zone, with the 
said most inner membrane te-be made from a polymer or inorganic material which Is 
permeable to both hydrogen and carbon dioxide species, with the permeated said binary 
hydrogen-carbon dioxide mixture te~be withdrawn by flowing along the most inner 
cylindrical yone. 

n 

PAGE 17/21 1 RCVD AT 11/1/2004 4:53:27 PM [Eastern Standard Time] ' SVR:USPT0€FXRM/3* DNIS:8729306 • CSID: 1 DURATION (mrn-ss):05-52 



. NOV-02-04 05 133 AM 



1 71. ( new) The process of claim 170 wherein the next inner membrane is made from 
oik: or more materials selected from the group consisting of alumina, silica, titaniu, 
/irconia, yttria, and the most inner membrane made from one or more materials selected 
from the group consisting of alumina, silica, titania, zirconia, yttria, polyimidcs, 
polycarbonates, polybenziimidazoles, polyphospazenes, polysul fonts. 



15 
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172. I previously presented) The process of claim 170 wherein the teed 
hsriroitfrhon or alcohol is a single component or a mixture of components selected from 
ihe group consisting of methane, ethane, propane, n-butane, i-butanc, methanol, ethnnol. 
pp »panol. butanol, naphtha, gasoline, natural gas, coal gas containing methane, landfill 
giis containing methane, flue and waste gas containing methane, biomass and sewage gas 
containing methane, 

173. (previously presented) The process of claim 170 wherein the combined 
feed hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
a CHa and CO: mixture, acidic natural gas containing CH4 and CO2, coal gas containing 
CI l 4 and CO2, landfill gas containing CH 4 and C0 2 , biomass and sewage gas containing 
CI l.i and CO*, flue and waste gas mixtures containing CH4 and CO:. 

174. (currently amended ) The process of claim 170 wherein the combined 
permeate from the membrane,, hydrogen and carbon dioxide gas mixture is consumed as 
fuc I -oxidant in a consecutive molten carbonate fuel cell. 

175. (currently amended ) The process of claim 174 wherein the flue hot gas 
emitted by the molten carbonate fuel cell te-be is used for at least partial heating of the 
preceding far outer catalytic reaction zone. 
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176, (currently amended ) The process of claim 174 wherein flue hot yas 
emitted by the molten carbonate fuel cell containing carbon dioxide, to b e is recycled in 
the inlet of the preceding far outer catalytic /one for use as reactant in the reforming 
reaction. 

177. (currently amended ) The process of claim 174, wherein the molten 
carbonate fuel cell is of a- cylindrical shape and its fuel anode encloses the cylindrical 
pcrmrciicior m owt e r -t o r a c e iv a and con s um e bv receiving and consuming directly as fuel 
the permeate hydrogen-carbon dioxide mixture, and w i th wherein the flue hot gas 
emitted by the fuel cell to b e is used for at least partial heatiny of the enclosed lar outer 
cainlytie reforming zone, 

I7H. (previously presented) The process of claim 170 wherein the reject exit 

stream consisting of hydrogen and carbon monoxide enters as fuel gas feed in the anode 
of a consecutive solid oxide or molten carbonate fuel cell for continuous generation of 
electricity. 

179, i currently amended ) The process of claim 1 78 with where in the Hue hot 

jlNis emitted by the solid oxide or molten carbonate fuel cell to be is used for at leasi 
partial heating of the preceding far outer catalytic zone. 



I? 
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I NIK i. currently amended ) The process of claim 178 wUb wher ein the Hue hoi 

i.';is emitted by the solid oxide or molten carbonate fuel cell containing carbon dioxidr. h» 
be js recycled in the inlet of the preceding far outer catalytic zone for use as rcsictanl in 
lhe reforming reaction. 

I HI i currently amended ) The process of claim 170, wherein the reject exit 

si ream rich in hydrogen and carbon monoxide after steam condensation is used us fuel 
iVcd in a gas engine or a gas turbine for continuous generation of electricity, *jth 
\\ herein part or all of the permeate hydrogen and carbon dioxide coming out of the 
preceding membrane /one to b e is fed as well in the engine or turbine in order to provide 
for supplementary hydrogen fuel. 
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